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[0063] 

Embodiment 1, as is shown in Fig.l, is a real image finder 
comprising, in the order of their location relative to an object 
and starting with the nearest, an optical objective system Ob 
having positive refractive power, an optical image inversion system 
PP using a Porro prism as an optical image inversion member, and an 
optical ocular system Oc having positive refractive power. 
Reference numbers - S^g are assigned to surfaces forming an 

optical system in the order of their location relative to the 
object and starting with the nearest. Their subscripts correspond 
to surface numbers of structural parameters that are described 
later. In this instance, the intermediate imaging plane is S^^ and 
the eye-point is S^q - 

[0064] 

In more detail, the optical objective system Ob comprises, in the 
order of their location relative to an object and starting with the 
nearest, a first group Gl having negative refractive power, a 
second group G2 having positive refractive power, and a third group 
G3 having negative refractive power. The optical objective system 
Ob is a zoom lens having an approximate magnification of 3, which 
is altered by changing the distance between the groups. The third, 
fourth, and fifth surfaces S3, S4, and S5 are rotationally 
symmetrical, aspherical planes defined by the expression (d) below. 
The optical image inversion system PP, a Porro prism, consists of 
two bloc]cs PI, P2, each having two reflective surfaces Sq, S9, S13, 
S14. An intermediate image of the object is formed by the optical 
objective system Ob on the intermediate imaging plane iDetween 
the two blocks. In the present embodiment, the two reflective 
surfaces Sq and Sg of the bloclc PI that is on the object side of the 
intermediate image within the Porro prism are rotationally 
asymmetrical planes defined by the expression (a) below. 
Furthermore, the refractive surface S7 on the entrance side of the 
blocJc PI that is closer to the object has a curvature which is a 
rotationally symmetrical, aspherical plane defined by the 
expression (d) below. The optical ocular system Oc consists of a 
positive lens having a surface S^g on the object side that is a 
rotationally symmetrical, and an aspherical plane defined by the 
expression (d) below. 



mB:^mif^mff (jp) <i2) i8^ ^ |^ ^ ^ (a) aimmmmikmm^ 

il^^^l 1-38472 

(43)4;^liB ¥r!c11¥(1999)2^12B 

mm^ F I 

G 0 3 B 13/06 

G 0 2 B 5/04 G 
13/18 

17/08 A 
25/00 A 

m^m^ m^^oKs ol (^26M) 



(21)tt}e#^ 


4^079-194253 


(71) USA 


000000876 












9 ^(1997) 7^180 




3l[SasaS«K«*-« 2 Ta43# 2 ^ 
















«:g^KS!c#K«'>-^2TB43#2#:i-U > 














(74)«aA 


^3a± im % G^7^} 



(54) gi«se7T-f >3^- 



(57) mm] (a) 



(51)IntCl.» 
G 0 3 B 13/06 
G 0 2 B 5/04 
13/18 
17/08 
25/00 



V 




(2) 



!Kf^¥ 1 1 - 3 8 4 7 2 



[0 0 0 1 ] 

sWT^it e>n^c 7. ^ ^;nr icjfjg 
tij^Kt^yt^T^^m-r^mm^yr-oy-izm-r^'b 

[0 0 0 2] 

^ iCti^Tt^ i 7 T > ^-Tt^^R i *^SiJ^*T'gSlt e 

{z\,iiz^ts.mmt:^A,T'\.^^o — mm^yy-^yy 
-(Dm^ii. ^!^^^m(n^mmmnmzm.mv?^^m: 

x->^yi$'-t]^^it.M^y7-( >y-^mmvxi,^ 

[0 0 0 3] L*^L.;ic*^*e>. iz^-^izmi^T, ±fBcoj: 
^ ^W^r ^ U XA 5 ^ - ® tfT 0 ^ x*-r -5 :i t 

[0 0 0 4] Sfc. ftjfiWX— A^>X$rjS$eLfc^> 

m-^t^^^-^n. mzmtm^^i^X'\t.n:m-is^^^m^ 



^ U > X<7) ^ fg Jt {t- 1 ^ i $ ti -5 iii ^ ©Sg^bS: 
^-Ttt, ^UXA^5 5-#®J;^/j:0Ste7t^?SSr 

tz.f}^':>x, nm^^mt. ±if^(Dm^mmzn\.nv ip 

7 ;t - * X © S V H i t0 -5 h P 7 ^ — ;^ X ^ <£r S 

mitit\z\t.^\^^x. ■/uxA*<Sofc^jste?fe#5S® 

[0 0 0 5] -^^T, SifiTti, IIM^7 7-f ® 
Ste7¥;^?^*<t^-r-5 7'UXA©Jg:Mffi^5 

xmf^\^xnu-^mc^^'i^nm^<':>t^ti^nx\,^ 
>\^-^<t^z.izf)^x^^<Dx. nf^^^^(Dm^-)j\^(D 

mu-^^mx\t.wMm\zmiEti^^'^mx$>^, 

[0 0 0 6] :1Z.X. *H#ftm3, 8 10, 2 2 1 
*ffl#ltm3. 8 3 6, 9 3 1 ^lifajnfc, 1/71/ 

•>'^x;^^^co7T'f> \z mmAmmmm. 

t.nwm^ 1 BSU*>Jtfc7'il.iffi$r^o;tU>X5S$rfflVi 

[0 0 0 7] *fc, 8-248481 %(C43I/^T 

l/>X->^ •v^-*^^«IIM^X-A77'f >^ 
— « 7' U XA |5IlK*f ® ffl (/^T I ^ -5 . 

T^O, *rc, I — "J •;/i7B5fe2 0<DJ^®MlC*fLT*f 
T'cCtio f5jn©^Jfe7''JXACDJKWDS<£rft®<i:U 
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<^m^ 1 1 - 3 8 4 7 2 



[0 0 0 8] EP0722106A2 (D'h<D\t. 

±fe#M¥8 - 2 4 8 4 8 1 ^«rt'#iciDA, mm.-^.i^ 
mmfpizhSb^^^iz. -^(D-X'jXAit^^uyxtL 

[0 0 0 9] ^fc. !^mW- 8-292368^, t#M¥ 
8-292371^, it$W¥8-2 9 2 3 7 2^<DfcCD 

[0010] 
[0011] 

m^yy^>y—lzi^^^X. tfffBJi^nyiJXACDSM® 
:7'iJXAcDi^">;^£.< tfc 1 M;5^lHlte#K^?*?:tffif^t^S:* 

[0 0 12] ^<DisiU^¥iiimj.mmi^(D'>tii 
<ii%imit, m±±^mzML'XM'ij-Lxi^^^:itf)^ 

[0 0 13] St*. KKT(DmmiZii\,^X. *%0^T-fflVi 

^(D'^io'p'L^xitma^.L-'timmLX'pmmm'^'L-^izm 
tt±£7tiifr^. ^^tc. yt^?^o)f^imiz-^mr^^ 

[0 0 14] :kiz. :^^mxm^^^mu$mm<s.mizrD 



\^^xmm-r^. -^tc, nm\^yX(Di>f-xmf^^nfcm 

So 'pu^^mmxmm^^mzmiE-r^rztf)iz[t 

[0 0 15] mmMmi^'^?^f}^im'\L-Lrzm-^. mm^ 
iEt^:^iiummm\z^'^mx$>^, c®ii'6(cj:o^ 

fc, *i±Tfc^^-r«.#-'iSiK«, n-^-JKMTi^SS, Ell 

tt. 01 7tt^i-L^LTSHg$n;^c[Hl®MM^CJ:D^^•r 
-5#,^iKM. 01 8\tm'bvxmm^nrz.mmmuizJz 

(Drztt>\z. mmmmm^^^^^'piz^mvx. ^(n 
m%m-nmi.^^-^'m^\^x\^^. 

[0 0 1'6] ii'L^LTgaS$n^c[H]ffi^tCd;t9SS*-r-5 
T-st, HI 6tc^-rJ;5ic, |ft-h±7t^(C?*bTffiV^ 

wiEf-sinttt. m^%ms.'9t^^x\%^'^m.x^'D 

t. \-im \z^^%^ \zmwt S t tc J; D > '>fi v ^WfiKfe 
[0 0 17] lHlte#*f*i^7^j:#^,'SiRMtOl,iTIKBJ3 

x\tm^%^\zn\.x^. m\i\z7P.t^ofs.i'f^^'^^ 

mt.nmz. !Hie#^>^l*ffiOXtt:^!S]<Dft*<i:YW::^|S] 
(D ffl * S:®^ fC ^ X. «i 3: t J; o T pj^g i -5 . 

[0 0 18] ^m^nms-^-^^WiZ-ox^^xm 
mt^. m^mniiWimz. 'm'hx^x^m.^mz.mmm. 

MX\t. W±7t^tC*fbT=b0 1 8 tC:^-rct^;^j:=iViK 

mtim^-t^. z.(D'3-^mA-^m'iL-t^tc^\z\-t. nite 

A-5i^^tC. Ytt(OIEftfCj;-DTffiro<S#&ii^tcSg;^ 
[0 0 19] ±fBT|jiWU;fcIi]«#*fW?JcfflB2r 



0 



[0 0 2 0] :;^tc, tm^±^%-h^^fzZW)5^(J^'\--m. 

JE b 75: e # M e 7t # ?S T ^ ;S ^ /f 1 1 0 7t SS « 
$r ffll^-r ^ is?) , ^^-■^.ffiil (C*f L A' -V :7 ^ - * X COS 

[0 0 2 1] ^(DW^mx, »Hte7t#?stcffi(.ie,n'g. 

-C- U T V ^ l ^® ilTffi "7 - It ^ «^*^'-«$«JT * 
:i i #)7t#?S g A -7 -BBS ^ ;»c # < $ -B- 

[0 0 2 2] ^:iT', *5S?^cD«B£;t LT«, SfrjiiOJ; 

•5tC, MS«5g|5«T'fe-54?pyUXAC0^±jE7t^tC*=f 
^ et, ^co^OT'U XA®4">?Jc< ifc 1 Bg*^(e]*E# 



!f$Fj^¥ 1 1 - 3 8 4 7 2 
SegB«T- $) ^ P y U X A (75 [^{?|5 /N" >7 - ^ d 

B(tttl^i;S^T-t)A'<yi7 >'*-;^X<&M< Lfc®i:|ff|« 

IE*^^nIfigTS-g)„ -^-CT. #PyjXA«'>nc< tfe 
A '7 - ^ # I j- ^ C i (c ± 0 -5 Wa! © iHlte^^JJ; 
[0 0 2 3] ^S«5?t#?R«{i-C^LfcK«ffl(C/^ 
LTVi^ft!l®lfilte*f^5^;^tffiOA'7-€r/h$< LfcO, IhI 

[0 0 2 4] Sfc. *^B^{'Jiffl$n-2.7}^P7''UXA 

tt. 1 H?t^<D :/ p e. ^ :i i s L t^. 

#P:/UXA^loroyp-;/^T«fi£T-5«^tt, t^tC 

4ocD>^p-7i7T'4^n:;^UXA^1ieE-r^»^H. 

« I' ^ # D U X A l^ge {ceBMT ^ d i: pT^ t Tit 

[0 0 2 5] 2|s^B^®Si»^7T'f >:$^-fCigffl 

^?-&fe;Si*MJCA'7-^^fc-a:fcCi:T, ^OffiTOfe 

^ o [H]e#*f?*;^j: ii'il^iRa ?&«!lE-r S «6 # A L- 

[0 0 2 6] ^/t, nAi^ytmznvxM'i-vt^-Dn^ 

® ^ i^e£-r -5 C i AS nifig t ;i S . 

[0 0 2 7] Mtz, ^^mcDmi^^y r < >y-icigffl 
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Z=C2 

+ C3 y + C4 X 

+ C5 y2 +C6 y X + C7 x2 

+ C8 y3 + C9 y2 x + C,oy x2 +Ci,x3 

+ C,2y^ +C,3y3 x + Ci4y2 x^ 4-c,5y +C,,x^ 

+ Ci7y5 +C,8y^ x + Ci9y3 x^ -^C^qV^ x3 +C2,y x^ 

+ C23y« +Cuy' x + C25y^ +C26y3 x3 +C27y2 X^ 



[0 0 2 8] z:iximtLx. mn^mm^m 

[0 0 2 9] 



+ c 



22^ 



+ C28y X5 +C29X6 

■Caoy^ +C3,y6 x + Cazy^ x^ +C33y4 x^ H-Cg.yS 

+ C35y2 X5 +C36y X6 +C37X7 



oizf^z.tiz^'DX. Y-zmLW-nui^f^mn-D 

^ (a) iCiJliTti. , Cg, Cg , Ci,, c,3. 

^15' ^18» ^20' ^22' ^24' ^26* ^28* ^31' ^ 

33' C35, C37, • • • co#JS(D^^^o trt-^c:<htc 
[0 0 3 0] ^fc. y<D^m:km^±XO\Z'r^^h\Z 

FcmtT^z.^t^'^mx^^o m^ii. ±timm^ 

(a) tC^DliXtt. C3, Ce, Cg, C,o, C,3, C 

15' Cl7» C I9» ^21' ^24* C26» C28> C30, 

C32' C34. C36, • • • cD#]Sco^^<^otcT^Cch 
iz^^X-^mx&V. ^tz. &.±<D^oUMf^^^^m':^ 

z.t{z^omi^^t^\^±T^z.h^^'pjmhu^o ^fz. 

X = RXcos (A) 
Y = RXsin(A) 



• • • (a) 

[0 0 3 1 ] ^Tz. ±m^m^ (a) Btfi^COcfc^tC 

i-^<DmL{.X7r:Lrzh(Dx$>Ki. ^mM(D^mt. imi 
"^mmr^^m^izi^Lx^mi^m^m^ibti^^h^t 

[0 0 3 2] ^fz. TFCSCDftficO^S^^LTZ e r 

n i k e^m^izjzK^^mx^^o :zo:>m<Dmmt}iiT 
(D^ (b) iz^o^m-r^o t(D^m^ (b) (Dzm^ 

Z e r n i k e^m^<DmLU^o mm^Mm^CD^m 

x-YmzMT^z(Dm<DM^(Dmmmx^m^ 
n. A\tx-Ym{H(Dzmf}^ib<Dmm. R\tzm^D(D 
:^iiMx\ zmf)^^mi'orzm^Axmiti^ti^. 

[0 0 3 3] 



Z=D2 

+ D3 Rcos(A) +D4 Rsin(A) 

+ D5 R2 cos(2A)+D6 (R2-1) +D7R2 sin(2A) 

+ D8R3cos(3A) +D9 (3 R3 - 2 R) cos (A) 

+ D,o (3R3-2R) sin(A) -I^DnR3 sin(3A) 

+ Di2R4cos(4A) +Di3 (4R4-3R2) cos (2A) 

-hD,4 (6R4 -6R2 + 1) +D15 (4R4 -3R2) sin(2A) 

+ D,6R^ sin{4A) +D,7R^ cos (5A) 

+ D18 (5R5 -4R3) cos(3A) 

+ D,9 ( 1 0 R5 - 1 2 R3 + 3 R) cos (A) 

4-D20 (1 OR^ - 1 2R3 +3R) sin (A) 

4-D2, (5R5 -4R3) sin(3A) +D22R5 sin(5A) 

+ D23R6cos(6A) +D24 (6R6-5Rn cos (4 A) 
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+ D25 (1 5 R6 - 2 0 R'' + 6 cos(2A) 
+ D25 (2 0 R6 - 3 0 R" + 1 2 R2 - 1) 
+ D27 (1 5R6 - 2 OR" +6R2) sin(2A) 
+ D28 (GRs-SR") sin(4A) +D29R6sin (6A) 



(b) 



D, 



D, 



D, 



D 



20> 



D,„ D, 



[0 0 3 4] ^CDtt<DffiO«ajt UT^^OTStt^^^tf 



tztzL. E„ tiZ<On*^0~k, S„ttZ®mdtO~n 

Lfci#, i^JlTWiC (c) T'«-rc:i:*^T'#-5. 
(0 0 3 5] 



+ C3 Y + C4 I X I 
+ C5 Y2 +C6 Y I X I +C7 X2 
+ C8 Y3 +C9 Y2 I X I +C,oYX2 +C,| 



+ C,2Y" +C,3Y3 I X 
+ C,7Y5 +C,8Y4 I X 

+ C,,,YV+C,,Y5 I X 



+ ChY2 X2 +C,5 



I X3 

Y I 

+ C,9Y3 X2 +C20Y2 

+ C2|YX'' +C22 I X5 I 

+ C25Y4 X2 +C26Y3 I X3 | 



I 

X3 I +C,5X" 
I X3 I 



+ C,7Y2 X^ +C,8Y I X5 I +C,«X6 



+ C3oY' +C3,Y6 I X I +C32Y5 X2 +C33Y^ I X3 I 

+ C34Y3 X" +C35Y2 I X5 I +C36YX6 +C37 I X' I 



'^fi\mzmmmmim'b''»sLmm-DX\.'^\'^. 

[0 0 3 6] ^fc, X-Kvy 
[0 0 3 7] '^\Z. *5g?^®»i|^7t:*J^SrX-AW>X 

uyxmt. iE<Dmifxti^^'r^m2u>xmt. iex 

*^e>x^*^-v©ggfgtc^LS(ftEiKi uyxmf)^iw,-iv 
yxm<D^m<Df^m'k'^it-r^^o\zmj^-&ix. mum. 

[0 0 3 8] S^^^^r-r >^^-©*f^7t^?^ 



... (c) 

*f!^7t^?ScD^fi^/h$ < fcSS ^fSJt ^±tf J; ^ 

tr-st. ^mmizi-s.2i^mmf3m^-c. ^n&.±<Dm 

[ 0 0 3 9 ] >t*%7t*m;*^ft. IE, ^(DSm'tmL. ^ 
efWHRS^^^t^-B-'g) -iT^<§$:fTe> ^-T ±\Z 

}Eoym^ti^mt^^2m(D^W]\zj^io^m^m\ o 
mmtituK). msmiiTiE- m.<D7-uy^ h^^^^ 

[0 0 4 0] Hntct^pabfeckpjc, >^Kmt 
^^<DK^m\zn^-^¥i\^^z.t.xnm%^^(Dn^ 

;^c< ifc 1 mzmmmmm^m\^^^z.^-t:. 

[0 0 4 1 ] src. «s«7t^?^ro{i'C^L;tJ!RWffii3M 
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-2. 0<f I /f,<0 
-2. 0<d,2/d„<0 

[0 0 4 3] (1-1) fi, *f!^7t#*®;£ftS 

urn) ^'i^^ < {.rz^^A^y ^ y :t—t)X^-['»\,ZiL^ 
rzsb<D0kW^x$)^. ;r(Z)TKcD-2. o^ex.-g>t, 

-->3 >a^*:ta/h$<?&-5*^, A*-;/^7:t— ;^X^^•+:$:^■ 
[0 0 4 4] ^friC (1-2) tt, jg^M;^j:ig{git5:/6^-B- 
CKDTEcD-2. 0$rS;^-5)t, ^3U->XPtC 

\zm.m.^xnm9t^^<nfbmi\Ltimnt^<t^^o ^tz. . 

-2. 0<f,/fw<0 
-2. 0<d,2/d„<0 

mz^intzn^y-Wi^^ts.^^. ) . d„n^iu>X 

[0 0 4 9] ^ftsC (2-1) tt, ?^!fe7t^?^W/r^^iSg 
< Vrz^^/-<'yi7y^ — t}X^+^iZii^rzif>CD^if^^ 

z.(DTm.(D-2. o^m^^t. nv^ya^— 
tix\^izn^i]^^(r>'r-^ X h—yBy(D^±t^±^<ts. 

^yt, ±K(O0 ^r^l^-Si, ftcD^^H-X h — ->3 
tt/jN ^ O^C S /\' :7 ^ - :^ X 7^^+^^ \z fiS^T- 

mm\zt^^, 

[0 0 5 0] ^^t--^ (2-2) a, -i^-WtA^^^^f)^^ 



timn\zm^%^n^. 

[0 0 4 2] mtz. *fi^7t^^$:ft, IE> ^(DZm^^ 

L> &^(Dmm^mt-^-ii:^ z. txm^^^no ^ ^iz 

• • • ( 1 - 1 ) 

• • • ( 1 - 2) 

±m(Do^m^^t. !i!:-wfsim^it^n^z.t^mmiz 

[0 0 4 5] ^fz. M^^^m^M. IE, iE®3Sf$r* 
ilCIE©JStfT:'3^W-r ^^2 ^>>Cgf<i:||3 U>X* 
-5. *fc, ftromi i/>x*P(7)i^l!itcJ;Ott3rfl«roifeS 

X' P *«iE-r * i ^ A/ nJ*6-C$i -Sp 

[0 0 4 6] zLcnmmt.. mzfj:^^x<Dnyi7y:^— 

:^X<&«I^U^-rv>^1'7'-t:-a5^;5^, ^co^STfi, W. 
[0 0 4 7] ^;rT, HtitCfepa2Lfc.t-5(C, «JR*i7^ 
e>A'->i77:t-;f3X^/h$ <T-5Cli:T, ?fif!|^i>£^lS® 

/j:< tfe 1 mz^m^nntm^m^'^^^t.x. U't-v 

-5. 

[0 0 4 8] s/c:. JiiT<^*friC;©Mn*^ 

• • • (2-1) 

• • • (2-2) 

€tAi}^^nmyt^^<D>hmi\:,^m&-t^fzii>(Dfkn'^x 

c:©Tffi«-2. O^rSA-St, m3U>Xm\Z 

^^L^i, m2u>xm(D^W]m-A^:k^<f3iK)m^. # 

jiKroo^ex.^<h, smtsim^it^n^^hfjimmiz 

[0 0 5 1 ] ^fz. mKmt^^?^<Dm'L-LfzKmmiz/-^ 
u—^m^^t. mm^yr^ y-^—'tmis.i.x^^^m 

.fco. ^m^xT-r yy-(D^hmM^iutitiim^.mit 
tmmzm^^n^o 

[0 0 5 2] ^fz. ^9tmit±ti(Dmn(Dm-^^. 
?^>f ©'>?s< t%imizmuMm£4mm^mi^^:it 
X'B:mj.i\si.mmiEA^'^mf3.o)\tm^ ^x^tjn^^ ^tz. 
^ye^mm^^m^nx'mbiL-rnii:3 xhmz h^mx 
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[0 0 5 3} Sfc, ±fB®X-A:$''f yiCfel^T. 

'uxA«l75^JifflT#^^lt)■^^^T$)S. it^tc^jsteSB 

«icyuXA^ffli/^^«^tt, :/UXAlCct'5sffiSW 

I DY I <0. 5 

I D Y I <0. 2 
C0 0 5 7 ]^fc. ^*:cD^#iCtt> #j^tc?i^-r«.ifeS 

zmp^t-r^t. i£:fki^izin-f^YiE:/3{^cDm±m^(D 

I C X n I < 1 

1< I C X n I < 1 0 

m-^izit. YM.(o-^\i^iz±m^m<fj.^-^mm^A^±^ 
<f£D-t^. m(DmxmiE-r^z.tf3^yF'^m\ztt^. $ 

fc. jS6tCYM:^r6]7tfSSr;R#tLT^i^J^-&(ClS, YiE« 

I C X n KO. 5 
1< I C X n I <3 

[0 0 5 9] sfc, 'A<n^mtmmmwm<n^'i'7-iz 

[6], Y:^(6]{C^b^/jN/j:iS^dro¥fT7t^&iSTo t<D 

f rfl « ^ j^fiK-r ^ o M -^-r -5 ffi© 4- « * r^m 

0< I PXn /PX I < 1 
0< I P Yn /? Y I < 1 

0< I PXn /PX I <0. 6 



[0 0 5 4] ^fz. :^^Bj]\zm^'^^^mm^m\t, m 
'bvxsim-^ntz^mcDm'L-Mtmm-om^M^mii 
ti^^t> izt^ c tx\ tmm^i^Ayx^^mm^i^w 

[0 0 5 5] ^fz. U±0)i^tlCOm^h. -Ao^^n-^"^ 

^^Lfzt^iz^tiiommi'XL^^^tiD ujsim^ti 
mti.iSL^^izm-t^h(DX'$>^. mi 9izB-tj^oiz. 
fKM^iziii^^xY - zmp^xx:^f^(Dm:kmM(D^ytm 
i)^mmY-tmm 1 3?M-r s *5 -a mmmummm 

©ffl t (DH^ D Y t-r -5 i #. 

• • • (3-1) 

[0 0 5 6] ^,{3. »^L<tt. 

• • • (3-2) 

^^ntY^:fjfi^(Dm±m^<D±^mt.t)^'t(D^mm 

WMtmrz^^6i-(DX:^{ii](D\Si^(Dlt^C-K n if t 

... (4 - 1 ) 

• • • (4-2) 
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